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Background: Triple-negative breast cancer (TNBC) is associated with poor prognosis. There 

is an urgent need for elucidation of novel targets for TNBC therapy and to improve the prog-

nosis of patients. The aim of this study was to evaluate the prognostic value of p62 expression 

in TNBC.

Methods and results: Expression of p62 in tissue microarray was evaluated by immunohis-

tochemistry in 163 patients with TNBC. The prognostic value of p62 expression was assessed 

by a Cox regression model adjusted for clinical characteristics. Overexpression of p62 was 

observed in 51 (31.3%) of 163 TNBC, and significantly correlated with advanced stage and a 

higher proportion of positive lymph nodes and lymphovascular invasion. A significant correlation 

was found between p62 expression and disease-free survival and overall survival. Accordingly, 

the 10-year distant metastasis-free survival for p62-overexpression and p62-underexpression 

patients were 58.9% and 92.5%, respectively (P,0.0001). Multivariate analysis indicated that 

p62-negative was a significant independent prognostic factor of disease-free survival (P=0.017), 

but not for overall survival (P=0.845) in all patients.

Conclusion: Our results suggest that overexpression of p62 in TNBC is associated with a 

higher risk of distant metastases. This finding could open new avenues for the development of 

novel therapy strategies for TNBC.

Keywords: triple-negative breast cancer, p62, prognosis, tissue microarrays

Introduction
Triple-negative breast cancers (TNBCs) are characterized by the lack of expression 

of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth-

factor receptor 2 (HER2/neu). TNBC accounts for about 15%–20% of all breast 

cancers.1–4 It is associated with poor overall prognosis and high probability of distant 

metastases, especially lung and brain metastases. As metastatic disease is incurable, 

accurate prognosticators and more efficacious treatments are needed. The proclivity of 

breast cancer metastasis to particular organs may be mediated by specific genes.5–7

Also known as sequestosome 1, p62 has been characterized as an immediate 

early response gene, which has an important function in promoting survival signals, 

including proliferation, differentiation, and induction of antiapoptotic genes.8,9 As a 

multifunctional protein, abnormal expression of p62 has been documented in various 

cancers, including breast cancer,10 and the degree of p62 expression was significantly 

correlated with the formation of distant metastases.11 Thus, we hypothesized that p62 

overexpression would be associated with TNBC exhibiting aggressive clinical behavior, 

such as being prone to distant metastases.
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In the current study, we detected expression of p62 

 protein in a larger sample size of TNBC tissue specimens for 

the association of p62 expression with clinicopathological 

features, disease relapse, and prognosis of the patients. Our 

data demonstrated that overexpression of p62 protein was 

associated with increasing risk of TNBC distant metastasis 

and poor survival of the patients.

Materials and methods
Patients and tissue microarray
This study comprised 163 female patients with TNBC diag-

nosed without any evidence of distant metastasis at the time 

of surgery between January 2000 and December 2008 at 

Sun Yat-Sen University Cancer Center. The cases selected 

were based on distinctive pathologic diagnosis of invasive 

breast cancer, availability of complete medical records and 

follow-up status, and lack of ER, PR, and HER2 expression. 

All patients were staged according to the American Joint 

Committee on Cancer (AJCC) TNM staging system for breast 

cancer (seventh edition).

In this study, paraffin-embedded pathologic specimens 

were retrieved from the archives of the Department of 

Pathology of Sun Yat-Sen University Cancer Center. Tissue 

microarrays were constructed as described previously.12 Each 

sample was arrayed in triplicate to minimize tissue loss and 

to overcome tumor heterogeneity. The Institute Research 

Medical Ethics Committee of Sun Yat-Sen University granted 

approval for this study. All sample donors gave written 

informed consent.

immunohistochemistry
Tissue-microarray sections were immunohistochemically 

stained for p62. Briefly, tissue-microarray slides generated 

from the paraffin-embedded tissue blocks were deparaf-

finized and rehydrated for 5 minutes. After microwave 

pretreatment in citrate buffer (pH 6.0) for antigen retrieval, 

the slides were immersed in 0.3% (v/v) hydrogen peroxide 

for 20 minutes to block endogenous peroxidase activity. The 

slides were then washed and incubated overnight at 4°C with 

primary antibodies against p62 (mouse monoclonal anti-

body, clone D-3, Santa Cruz, dilution 1:100). After a second 

incubation with biotinylated antigoat antibodies, the slides 

were incubated with peroxidase-labeled streptavidin. The 

reaction products were visualized by immersing the slides 

in diaminobenzidine tetrachloride and counterstaining with 

Harris hematoxylin.

Immunohistochemical staining for p62 was evaluated 

according to intensity and proportion. The intensity score was 

determined as 0 (no staining), 1 (weak staining), 2 (moderate 

staining), and 3 (strong staining). The proportion score was 

determined as 1 (,30% of tumor cells) or 2 ($30% of tumor 

cells). The intensity score and proportion score were multi-

plied together for a total score. Total scores were as follows: 

0–1 (negative) and 2–6 (positive). All slides were evaluated 

independently by an investigator without knowledge of the 

identity of the patient or clinical outcome.

Statistical analysis
Clinicopathologic parameters were assessed between two 

subgroups by the chi-squared test. Cumulative survival prob-

abilities were calculated through the Kaplan–Meier method. 

Survival rates were compared by log-rank test. Multivariate 

analyses were performed by the Cox regression model. 

Subsequently, variables with traditional prognostic factors, 

such as age at diagnosis, tumor size, lymph-node involve-

ment, pathologic stage, and lymphovascular invasion were 

included in the multivariate analysis with enter model. All 

statistical tests were two-tailed, and P,0.05 was considered 

significant. All statistical analyses were performed using 

SPSS 17.0 (IBM, Armonk, NY, USA).

Disease-free survival (DFS) was defined as the interval 

from the date of operation to the date of first recurrence. 

Overall survival (OS) was calculated as the period from 

the date of diagnosis to the date of death. Locoregional 

relapse-free survival was defined as the interval from the first 

treatment for breast cancer to the first locoregional relapse. 

Distant metastasis-free survival was calculated as the period 

from the date of diagnosis to the date of distant metastasis or 

contralateral breast cancer. Locoregional relapse was defined 

as recurrence either in the treated breast or in the ipsilateral 

lymph node-bearing area (axillary, internal mammary, 

supraclavicular node).

Results
p62 Protein expression in TnBC tissues 
and its association with clinicopathologic 
features
A total of 163 paraffin-embedded archived TNBC tissues 

were subjected to immunohistochemical staining to quan-

tify the expression of p62 protein. Representative images 

of p62 expression are shown in Figure 1. Using the median 

p62 staining score in TNBC as a cutoff value, high expres-

sion of p62 protein was detected in 51 (31.3%) of the 163 

cases, and low expression was detected in 112 (68.7%). The 

association of p62 expression with various clinicopathologi-

cal parameters is listed in Table 1. Compared with TNBC 
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patients with low p62 expression, patients with high p62 

expression had advanced AJCC stage and a higher propor-

tion of positive lymph nodes and lymphovascular invasion.

Survival
As of December 2011, the median follow-up time was 

112 months (range 15–145 months). Of 163 patients, 47 

relapsed and 40 died. The 10-year DFS and OS of all patients 

were 70.7% and 75.8%, respectively. When the patients were 

stratified in terms of p62 expression status, the 10-year DFS 

for low p62-expression and high p62-expression patients 

were 78.2% and 54.6%, respectively (P=0.002). OS for 

low p62-expression and high p62-expression patients was 

81.7% and 62.7%, respectively (P=0.003). Accordingly, 

high p62-expression patients had a significantly higher risk 

of distant metastases than those with low p62 expression, 

and the 10-year distant metastasis-free survival for high 

p62-expression and low p62-expression patients was 58.9% 

and 92.5%, respectively (P,0.0001). Locoregional relapse-

free survival was no significantly different between high p62-

expression and low p62-expression patients (76.6% versus 

81.2%, P=0.439) (Figure 2A–D).

Multivariate analysis
Age at diagnosis, positive lymph nodes, higher stage, higher 

histological grade, present lymphovascular invasion, and p62 

protein overexpression were significantly associated with 

reduced DFS and OS in univariate analysis (Tables 2 and 3). 

In the multivariate analysis, age at diagnosis, positive lymph 

nodes, and higher histological grade remained independent 

prognostic factors for shorter DFS and OS. However, p62 

expression was a significant independent prognostic factor of 

DFS (P=0.017), though not for OS (P=0.845) in all patients 

(Tables 2 and 3).

Discussion
It is well known that TNBC has a high mitotic index, 

high Ki67 expression, and a higher probability of distant 

metastases.13,14 Recent studies demonstrated that p62, as a 

multifunctional protein, is a central regulator of prolifera-

tion and metastases due to its abilities to modulate (and be a 

substrate of) autophagy, and to ensure a timely transit of cells 
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Figure 1 Representative immunohistochemical staining results for p62 (200×). 
(A) p62-negative; (B) p62-positive.

Table 1 Associations between p62 protein expression and clinicopathologic parameters*

Variable Total  
population (%)

p62 P-value

Underexpression, n (%) Overexpression, n (%)

Total 163 112 (68.7) 51 (31.3) –
Median age, years (range) 47 (22–79) 47 (22–79) 46 (27–67) 0.333 (Mann–Whitney)
Age, n (%)
 #35
 .35

37 (22.7)
126 (77.3)

23 (20.5)
89 (79.5)

14 (27.5)
37 (72.5)

0.420

Tumor size, n (%)
 #2 cm
 .2 cm

41 (25.2)
122 (74.8)

31 (27.7)
81 (72.3)

10 (19.6)
41 (80.4)

0.332

Lymph-node status, n (%)
 negative
 Positive

90 (55.2)
73 (44.8)

79 (70.5)
33 (29.5)

11 (21.6)
40 (78.4)

,0.0001

AJCC stage, n (%)
 i/ii
 iii

121 (74.2)
42 (25.8)

104 (92.9)
8 (7.1)

17 (33.3)
34 (66.7)

,0.0001

Histological grade, n (%)
 i
 ii/iii

17 (10.4)
146 (89.6)

12 (10.7)
100 (89.3)

5 (13.7)
46 (86.3)

1.000

Lymphovascular invasion, n (%)
 Yes
 no

31 (19.0)
132 (81.0)

6 (5.4)
106 (94.6)

25 (49.0)
26 (51.0)

,0.0001

Note: *χ2 test.
Abbreviation: AJCC, American Joint Committee on Cancer.
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through mitosis.15 Also, p62 may control oxygen consumption 

by regulating the activity of the extracellular signal- regulated 

kinase pathway,16 which is very important for rapidly growing 

TNBC cells. Therefore, p62 could be explored as a potential 

therapeutic target in cancer metastasis.15

No studies to date have linked p62 protein expression 

with TNBC clinical outcome. Here, we demonstrate for 

the first time that p62 protein is overexpressed in 31.3% of 

TNBC cases, which was higher than the proportion reported 

by Rolland et al, where 20.3% of p62  overexpression 
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Figure 2 Association of p62 expression with poor prognosis of TnBC (triple-negative breast cancer) patient. (A) Disease-free survival, (B) overall survival, (C) locoregional 
relapse-free survival, and (D) distant metastasis-free survival according to the level of p62 protein expression.

Table 2 Univariate and multivariate analysis of disease-free survival in 163 patients with triple-negative breast cancer

Variables Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Age, years (#35 vs .35) 0.45 0.25–0.81 0.008 0.53 0.29–0.98 0.041

Tumor size, cm (#2 vs .2) 1.54 0.74–3.18 0.247 1.13 0.52–2.44 0.759
node status (negative vs positive) 4.99 2.54–9.83 ,0.0001 3.85 1.54–9.63 0.004
Stage (i/ii vs iii) 2.18 1.64–2.92 ,0.0001 2.32 0.83–6.43 0.107
Histological grade (i/ii vs iii) 3.36 1.33–8.49 0.010 0.28 0.10–0.74 0.011
Lymphovascular invasion (no vs yes) 4.95 2.77–8.12 ,0.0001 1.21 0.51–2.90 0.668
p62 Expression (low vs high ) 2.35 1.33–4.17 0.003 1.78 1.39–3.57 0.017

Note: HRs and 95% Cis were calculated using Cox regression analysis.
Abbreviations: HR, hazard ratio; CI, confidence interval; vs, versus.
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was observed in unselective breast cancer.11 In contrast, 

Choi et al reported that p62 expression was highest in 

HER2-type tumors.17 These results might suggest that p62 

overexpression is commonly seen in aggressive breast can-

cer subtypes.  Overexpression of p62 was also observed in 

prostate (91%)18 and digestive system cancers (100%),19 and 

the higher proportion possibly reflects site-specific variations 

in tumor biology.

In the present study, our data demonstrated that p62 

 overexpression favored TNBC tumors’ aggressive clinical 

behavior, such as a higher proportion of positive lymph 

nodes and lymphovascular invasion, and advanced stage. 

 Importantly, p62 overexpression was associated with a higher 

risk for subsequent development of distant metastases in 

patients with TNBC, and this was independent of clinico-

pathologic characteristics. Consistent with the finding from 

Rolland et al, it was suggested that the formation of distant 

metastases is significantly correlated with the degree of p62 

expression.11 In addition, we also found that patients with 

p62 overexpression had a significantly shorter disease-free 

survival. Our further multivariate analysis showed that p62 

overexpression was an independent predictor of short disease-

free survival of TNBC patients. Similarly, a recent report 

demonstrated NSCLC patients exhibiting high p62 levels have 

a significantly worse prognosis than patients exhibiting a low 

level of p62.20 These data suggest that p62 overexpression is 

positively associated with poor prognosis.

Mechanistically, p62 is a multifunctional protein. It can 

regulate and modulate the activation of several signaling 

pathways involved in tumor formation and propagation. 

The second very important function of this protein is to act 

as a molecular adaptor between the autophagic machinery 

and its substrates.15,21 It is clear that the role of p62 under 

nonpathological conditions is to control bone and metabolic 

homeostasis. Bone is an important site of cancer metasta-

sis that can be affected by cross talk between tumor and 

bone cells.15,21 Autophagy deficiency enhances p62 protein 

levels, thereby promoting tumorigenesis and tumor pro-

gression.22,23 In addition, the autophagy process reduces the 

genomic instability of cancer cells. This genomic instability 

promotes the acquisition of the secondary mutations neces-

sary for the growth and dissemination of these cells.24 Only 

cells that are deficient in the autophagic pathways are able to 

acquire the mutations required for their growth and metastatic 

dissemination.24,25

Conclusion
In summary, we have demonstrated for the first time that 

high levels of p62 were associated with a high biological 

aggressiveness of TNBC cells, because patients with p62 

overexpression exhibited a higher risk of distant metastases. 

Similarly, patients with p62 overexpression had shorter DFS. 

Elucidation of the molecular mechanisms will uncover a new 

target molecule for anticancer therapy for TNBC patients.
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